Programmed cell death and adenine deoxynucleotide metabolism in human lymphocytes.
Agents that cause the accumulation of DNA strand breaks are directly cytotoxic to non-dividing normal human peripheral blood lymphocytes, and to chronic lymphocytic leukemia (CLL) cells. Activation of poly(ADP-ribose) polymerase (ADPRP), and the resultant consumption of NAD, play an essential role in mediating the toxicity of these agents. Human peripheral blood lymphocytes contain a substantial number of alkali-sensitive DNA sites, reflecting ongoing DNA strand breakage and repair. However, resting lymphocytes have a limited capacity to synthesize NAD. Pulse-chase experiments indicate that approximately 75% of their NAD turnover is due to ADPRP activity. Exposure of the cells in vitro to deoxyadenosine, or to 2-chlorodeoxyadenosine (CdA, an adenosine deaminase resistant deoxyadenosine congener), caused an increase in DNA strand breaks, rapid NAD consumption, ATP depletion and cell death. Supplementation of the medium with inhibitors of poly(ADP-ribose) polymerase blocks the fall in cellular NAD and ATP, and protects the lymphocytes from the toxicity of DNA damaging agents. Slowly dividing malignant lymphocytes from patients with CLL are also susceptible to lethal NAD depletion following DNA damage. 2-chlorodeoxyadenosine (CdA) induced massive DNA strand break formation in CLL cells in vitro and a fall in NAD and ATP pools. In an initial clinical trial, several CLL patients, and two patients with hairy cell leukemia, have responded to treatment with CdA, with minimal toxicity. Thus, the suicidal activation of ADPRP in response to DNA damage has been rationally exploited in the treatment of chronic lymphoid malignancies.